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(54) DRIVER OF DIRECT ACTING VALVE FOR INTERNAL COMBUSTION ENGINE

(57) It is an object of the present invention to provide
a drive unit for a direct-acting valve for internal combus-
tion engines, by which quiet internal combustion engine
can be obtained, with the noise suppressed. This sys-
tem comprises an inlet valve 8 arranged slidably near
an inlet port 4 of an internal combustion engine 12 for
driving the inlet port to open and close, an electromag-

netic actuator 1 that drives the inlet valve to open and
close, and a current control unit 11 that controls a driving
current supplied to the electromagnetic actuator, where-
in the current control unit continuously supplies the driv-
ing current having a specific value to the electromagnet-
ic actuator, based on the operation condition of the in-
ternal combustion engine.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a drive unit for
a direct-acting valve for internal combustion engines,
and more specifically, relates to a drive unit for a direct-
acting valve for internal combustion engines that can re-
duce noise at the time of operation of the internal com-
bustion engine.

BACKGROUND ART

[0002] Conventionally, as a valve apparatus for the in-
ternal combustion engine, there is known one in which
an inlet valve and an exhaust valve are directly driven
to open or close by an electromagnetic actuator. The
valve driven in this manner is referred to as a direct-
acting valve.
[0003] As shown by a curve A in Fig. 6, the drive unit
for this direct-acting valve applies, for example, a posi-
tive current to the electromagnetic actuator, to move the
valve in the opening direction by a specific distance, and
applies a negative current to the electromagnetic actu-
ator, to move the valve in the closing direction.
[0004] However, in the conventional drive unit for the
direct-acting valve, there are following problems that
need to be given attention.
[0005] That is, when the valve is closed, as shown by
a curve B in Fig. 6, since the valve is shifted at once
from the top end position of the valve stroke to the clos-
ing position, the valve is shifted to the closing position
without deceleration.
[0006] When the valve is shifted to the closing position
without deceleration, impulsive sound occurs when the
valve is seated on a valve seat, causing noise.
[0007] Particularly, when the internal combustion en-
gine is in the idling state, or in a state of low revolution
speed, the noise at the time of seating the valve be-
comes noticeable.
[0008] The present invention has been achieved in or-
der to solve the above problems. It is an object of the
present invention to provide a drive unit for a direct-act-
ing valve for internal combustion engines that can obtain
a quiet internal combustion engine, with noise sup-
pressed.

DISCLOSURE OF THE INVENTION

[0009] In order to achieve the object, a drive unit for
a direct-acting valve for an internal combustion engine
according to claim 1 of the present invention comprises
an inlet valve slidably arranged near an inlet port of the
internal combustion engine for opening or closing the
inlet port, an electromagnetic actuator that drives the in-
let valve to open or close, and a current control unit that
controls a driving current supplied to the electromagnet-
ic actuator, wherein the current control unit continuously

supplies the driving current having a specific value to
the electromagnetic actuator, based on the operation
condition of the internal, combustion engine.
[0010] The drive unit for the direct-acting valve for the
internal combustion engine according to claim 2 of the
present invention is such that the current control unit ac-
cording to claim 1 continuously supplies the driving cur-
rent having a specific value to the electromagnetic ac-
tuator, based on a target output of the internal combus-
tion engine.
[0011] The drive unit for the direct-acting valve for the
internal combustion engine according to claim 3 of the
present invention is such that the target output accord-
ing to claim 2 is detected by a control input of an accel-
erator provided to the internal combustion engine.
[0012] The drive unit for the direct-acting valve for the
internal combustion engine according to claim 4 of the
present invention is such that when the internal com-
bustion engine is in the idling state, the current control
unit according to claim 1 continuously supplies the driv-
ing current having the specific value to the electromag-
netic actuator.
[0013] The drive unit for the direct-acting valve for the
internal combustion engine according to claim 5 of the
present invention is such that the idling state of the in-
ternal combustion engine according to claim 4 is detect-
ed by a control input of an accelerator provided to the
internal combustion engine.
[0014] The drive unit for the direct-acting valve for the
internal combustion engine according to claim 6 of the
present invention is such that the idling state of the in-
ternal combustion engine according to claim 4 is detect-
ed by the revolution speed of the internal combustion
engine.
[0015] The drive unit for the direct-acting valve for the
internal combustion engine according to claim 7 of the
present invention is such that the electromagnetic actu-
ator according to any one of claim 1 to 6 comprises a
linear motor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 is a longitudinal sectional view that shows a
cylinder head in an internal combustion engine, to
which one embodiment of the present invention is
applied;
Fig. 2 is a longitudinal sectional view that shows a
linear motor as an electromagnetic actuator applied
to one example of the present invention;
Fig. 3 is a longitudinal sectional view that shows the
linear motor as the electromagnetic actuator ap-
plied to one example of the present invention, and
(a) shows the condition when the valve is opened,
and (b) shows the condition when the valve is
closed;
Fig. 4 is a block diagram that shows a control sys-
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tem in one embodiment of the present invention;
Fig. 5 is a timing chart of the control system in one
embodiment of the present invention;
Fig. 6 is a characteristic diagram of a conventional
direct-acting valve; and
Fig. 7 is a diagram in which the relation between a
returning force of an inlet valve by the electromag-
netic actuator and an inlet valve lift in the one em-
bodiment of the present invention is expressed, us-
ing the current applied to the electromagnetic actu-
ator as a parameter.

BEST MODE FOR CARRYING OUT THE INVENTION

[0017] One embodiment of the present invention is
explained with reference to Fig. 1 and Fig. 2. Fig. 1
shows a cylinder head in an internal combustion engine,
in which an electromagnetic actuator 1 constituting the
drive unit for the direct-acting valve for internal combus-
tion engines of the embodiment (hereinafter "drive unit")
is assembled.
[0018] A cylinder head 2 shown in Fig. 1 comprises
an inlet port 4 that opens toward a combustion chamber
3 for feeding air-fuel mixture to the combustion chamber
3, an exhaust port 5 that opens toward the combustion
chamber 3 for exhausting combustion gas, an inlet path
6 communicated with the inlet port 4, and an exhaust
path 7 communicated with the exhaust port 5.
[0019] An inlet valve 8 for opening or closing the inlet
port 4 and an exhaust valve 9 for opening or closing the
exhaust port 5 are provided slidably in the cylinder head
2, and the electromagnetic actuator 1 connected to the
inlet valve 8 is fitted thereto.
[0020] A cam 10 that drives the exhaust valve 9 to
open or close by rotating synchronously with the rotation
of a crankshaft (not shown) in the internal combustion
engine is provided axially above the exhaust valve 9.
[0021] As the electromagnetic actuator 1, a linear mo-
tor is used in this embodiment, and the inlet port 4 is
opened or closed by shifting the inlet valve 8 in the axial
direction thereof.
[0022] The electromagnetic actuator 1 holds a valve
seat for the inlet valve 8 to a position abutting against
the inlet port 4 with a specific pressure, as shown in Fig.
2, at a center valve position in the non-energized con-
dition, and shifts the inlet valve 8, as shown in Figs. 3
(a) and 3(b), to a valve opening position or a valve clos-
ing position, when a reciprocal current is applied.
[0023] The motion stroke, the valve opening time, and
the valve closing time of the inlet valve 8 are set depend-
ing on the size and the application time of the current
applied to the electromagnetic actuator 1.
[0024] The drive unit according to this embodiment
comprises, as shown in Fig. 4, a current control unit 11
that controls the driving current V supplied to the elec-
tromagnetic actuator 1.
[0025] This current control unit 11 is for continuously
supplying the driving current having a specific value to

the electromagnetic actuator 1, based on the operation
condition of the internal combustion engine.
[0026] More specifically, the current control unit 11
comprises an FV converter 14 that converts the revolu-
tion speed of the internal combustion engine 12 to a volt-
age V1, based on a pulse signal relating to a crank angle
output from a crank angle sensor 13 provided in the in-
ternal combustion engine 12, amplifiers 15 and 16 that
output a signal obtained by adjusting the level of the volt-
age V1 as a real revolution speed current signal i1, a
load setting circuit 17 that sets a target output based on
the accelerator opening and outputs the revolution
speed of the internal combustion engine 12 correspond-
ing to this target output as a voltage, and an idling setting
circuit 18 that outputs the revolution speed of the internal
combustion engine 12 at the time of idling as a voltage.
The current control unit 11 also includes a target revo-
lution speed setting circuit 19 that outputs a voltage V2
output from these, an amplifier 20 that outputs the volt-
age V2 from the target revolution speed setting circuit
19 as a target revolution speed current signal i2, an
adder 21 that calculates a deviation between the real
revolution speed current signal i1 and the target revolu-
tion speed current signal i2, an amplifier 22 that adjusts
a deviation current signal i3 determined by the adder 21
to output it as a target current signal i4, an ampere meter
23 that detects a current i applied to the electromagnetic
actuator 1, an adder 24 that calculates a deviation be-
tween the driving current i detected by the driving am-
pere meter 23 and the target current signal i4, an am-
plifier 25 that adjusts a deviation current i5 output from
the adder 24, and an output amplifier 26 that applies the
driving current V to the electromagnetic actuator 1,
based on an adjusted deviation voltage V3 output from
the amplifier 25.
[0027] The operation of the embodiment constituted
in this manner is explained below, with reference to the
engine data shown in Fig. 5.
[0028] In Fig. 5, reference sign F denotes a crank an-
gle signal output from the crank angle sensor 13, which
is output continuously when the internal combustion en-
gine 12 is in the operation condition.
[0029] A line E denotes a pulse signal at a fuel injec-
tion timing output to the fuel injection system, a line G
denotes a pulse signal at the time of ignition, line C de-
notes a stroke of the inlet valve 8, and a line D denotes
a flow velocity of a gas in the inlet path 6.
[0030] When the internal combustion engine 12 is in
the operation condition, the voltage signal V1 as the in-
formation of the real revolution speed of the internal
combustion engine 12 is output from the FV converter
14, and the voltage signal V2 as the information of the
target revolution speed is output from the target revolu-
tion speed setting circuit 19.
[0031] The target current signal i4 is calculated from
the voltage signal V1 and the voltage signal V2, the cur-
rent i supplied to the electromagnetic actuator 1 is de-
tected, and the drive voltage V is generated by the target
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current signal i4 and the current i, and applied to the
electromagnetic actuator 1.
[0032] As a result, the driving current having a specific
value is applied to the electromagnetic actuator 1, and
the inlet valve 8 is pressed against the inlet port 4, by
an attraction when the electromagnetic actuator 1 is not
charged with electricity and an attraction by the driving
current.
[0033] Hereunder, the sum total of the both attraction
is referred to as a valve closing force.
[0034] The attraction, that is, a load as a returning
force acting in a direction of closing the inlet valve 8, is,
as shown in Fig. 7, determined by the size of the driving
current applied to the electromagnetic actuator 1 and a
lift (valve opening) of the inlet valve 8.
[0035] That is, as the absolute value of the driving cur-
rent increases, and as the lift of the inlet valve 8 increas-
es, the returning force increases in the direction of clos-
ing the inlet valve 8 by the electromagnetic actuator 1.
[0036] Therefore, the lift of the inlet valve 8 is control-
led by controlling the driving current to be applied to the
electromagnetic actuator 1.
[0037] In other words, the quantity of air intake flowing
into the combustion chamber via the inlet port 4 can be
controlled by controlling the driving current applied to
the electromagnetic actuator 1, and it is possible to con-
trol the output of the internal combustion engine 12, by
allowing the inlet port 8 itself to function as a throttle
valve.
[0038] Since the drive voltage V has little change, as
shown in Fig. 5, the attraction generated by the driving
current is kept substantially constant. Therefore, the
valve closing force is also kept substantially constant.
[0039] Thereby, when the internal combustion engine
12 enters into the intake stroke, the pressure in the com-
bustion chamber 3 decreases, and when a valve open-
ing force by the negative pressure becomes larger than
the valve closing force, the inlet valve 8 is attracted to-
ward the combustion chamber (this state is shown by
the line C expressing the lift in Fig. 5), thereby air intake
is performed.
[0040] This intake state is shown by the flow velocity
in the inlet path 6, expressed by the line D in Fig. 5.
[0041] On the other hand, the gas flows into the com-
bustion chamber 3, to increase the pressure in the com-
bustion chamber 3, and when air intake is completed,
the inlet valve 8 is shifted in the valve closing direction
by the valve closing force by the electromagnetic actu-
ator 1, and the valve seat is seated on the inlet port 4,
thereby the inlet port 4 is closed to complete the intake
stroke.
[0042] When the valve seat is seated on the inlet valve
8, the stroke of the inlet valve 8 in the intake stroke is
determined by the negative pressure in the combustion
chamber 3, and hence the stroke is suppressed to a min-
imum.
[0043] This is clearly seen from the line C in Fig. 5,
and the stroke is suppressed to a very small stroke.

[0044] Therefore, the shift quantity of the inlet valve 8
in the valve closing direction becomes small, and the
impact force at the time of seating the valve seat on the
inlet port 4 can be suppressed, and as a result, occur-
rence of noise can be suppressed.
[0045] Particularly, when the internal combustion en-
gine 12 is in the idling state, since the lift of the inlet valve
8 is small, occurrence of noise can be suppressed.
[0046] At the time of normal operation other than the
idling condition, the voltage signal V2 as the information
of the target revolution speed is set in the load setting
circuit 17. However, the voltage signal V2 at the time of
normal operation is set smaller, as the target revolution
speed increases, thereby the attraction of the inlet valve
8 by the driving current decreases, and the valve closing
force decreases.
[0047] As a result, the stroke of the inlet valve 8 in the
opening direction becomes large, to increase the intake
quantity to the combustion chamber 3.
[0048] Since the voltage signal V2 and the drive volt-
age V corresponding to the target revolution speed are
kept constant, the revolution speed of the internal com-
bustion engine 12 is kept at the target revolution speed.
[0049] When the internal combustion engine 12 is for
a motor vehicle, the load setting circuit 17 is mechani-
cally or electrically connected to the accelerator operat-
ed by a driver, so that it can be adjusted by the operation
of the accelerator.
[0050] The idling setting circuit 18 is connected to the
accelerator mechanically or electrically, and outputs the
voltage signal V2 at the time of idling, when the accel-
erator is in the non-operated state.
[0051] As described above, in this embodiment, the
electromagnetic actuator 1 allows a constant valve clos-
ing force resisting the inlet pressure of the internal com-
bustion engine 12 to act on the inlet valve 8, thereby the
inlet valve 8 is opened by a difference between the valve
closing force and the valve opening force by the nega-
tive pressure generated in the combustion chamber 3.
[0052] The voltage signal V2 corresponding to the tar-
get revolution speed is set within the range of from the
maximum value to zero.
[0053] In this manner, the intake quantity correspond-
ing to the operation condition (load condition) required
for the internal combustion engine 12 can be supplied,
without monitoring the lift and the valve opening period
of the inlet valve 8.
[0054] The lift of the inlet valve 8 is automatically ad-
justed corresponding to the operation condition, to be
the minimum lift corresponding to the operation condi-
tion, and hence the impact at the time of seating the
valve seat on the inlet valve 8 can be made as small as
possible, thereby suppressing the occurrence of noise.
[0055] Particularly, at the time of idling, the effect be-
comes noticeable.
[0056] On the other hand, when the required opera-
tion condition is in a high revolution speed area, a drive
voltage (-V) inverse to the drive voltage V described
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above is applied to the electromagnetic actuator 1, in
the intake stroke of the internal combustion engine 12,
to change the driving mode of the inlet valve 8, thereby
it becomes possible to forcibly open the inlet valve 8.
[0057] Even in such a driving mode, since the noise
generated from the internal combustion engine 12 itself
at the time of high revolution speed increases, the seat-
ing sound onto the inlet valve 8 does not attract atten-
tion.
[0058] At the time of high revolution speed, the inlet
valve 8 is forcibly opened, to ensure the lift sufficiently,
thereby it becomes possible to supply the intake amount
sufficiently.
[0059] Various shapes and sizes of the respective
components shown in the embodiment are examples
only, and can be variously changed based on the design
requirement.

INDUSTRIAL APPLICABILITY

[0060] As explained above, the drive unit for the di-
rect-acting valve for internal combustion engines ac-
cording to the present invention comprises the electro-
magnetic actuator that drives the inlet valve to open or
close, and a current control unit that controls the driving
current to be supplied to the electromagnetic actuator.
The current control unit continuously supplies the driv-
ing current having a specific value to the electromagnet-
ic actuator, based on the operation condition of the in-
ternal combustion engine. Therefore, the inlet valve lift
is automatically set by a balance between the valve
opening force by the negative pressure acting on the
combustion chamber of the internal combustion engine
and the valve closing force, thereby suppressing the in-
let valve lift to a minimum, to alleviate the impact force
at the time of closing the valve. As a result, the occur-
rence of noise can be suppressed.
[0061] Particularly, in the condition that the noise gen-
erated by the internal combustion engine itself is small,
such as at the time of idling, the impact noise at the time
of seating the valve seat on the inlet valve is sup-
pressed, to thereby suppress the noise of the internal
combustion engine at the time of idling. As a result, quiet
internal combustion engine can be obtained.

Claims

1. A drive unit for a direct-acting valve for an internal
combustion engine, comprising:

an inlet valve slidably arranged near an inlet
port of the internal combustion engine for open-
ing and closing the inlet port;
an electromagnetic actuator that drives said in-
let valve in a manner to open and close the inlet
valve; and
a current control unit that controls a driving cur-

rent supplied to said electromagnetic actuator,

wherein said current control unit continuously
supplies the driving current having a specific value
to the electromagnetic actuator, based on an oper-
ating condition of the internal combustion engine.

2. The drive unit for the direct-acting valve for the in-
ternal combustion engine according to claim 1,
wherein the current control unit continuously sup-
plies the driving current having a specific value to
said electromagnetic actuator, based on a target
output of the internal combustion engine.

3. The drive unit for the direct-acting valve for the in-
ternal combustion engine according to claim 2,
wherein said target output is detected by a control
input of an accelerator provided to the internal com-
bustion engine.

4. The drive unit for the direct-acting valve for the in-
ternal combustion engine according to claim 1,
wherein when the internal combustion engine is in
the idling state, said current control unit continuous-
ly supplies the driving current having the specific
value to the electromagnetic actuator.

5. The drive unit for the direct-acting valve for the in-
ternal combustion engine according to claim 4,
wherein said idling state of the internal combustion
engine is detected by a control input of an acceler-
ator provided to the internal combustion engine.

6. The drive unit for the direct-acting valve for the in-
ternal combustion engine according to claim 4,
wherein said idling state of the internal combustion
engine is detected based on revolution speed of the
internal combustion engine.

7. The drive unit for the direct-acting valve for the in-
ternal combustion engine according to any one of
claims 1 to 6, wherein said electromagnetic actuator
comprises a linear motor.
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